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Summary  of  Research  Results: 


This  project  has  contributed  a  number  of  significant  results  to  date.  Our  more  recent 
wave  breaking  studies  (Andreassen  et  al.,  1998,  Fritts  et  al.,  1998,  see  below)  have  shown 
that  vorticity  dynamics  does  provide  a  useful  and  insightful  view  of  the  transition  from 
two-dimensional  (2D)  laminar  to  three-dimensional  (3D)  turbulent  flows.  Indeed,  these 
numerical  results  have  stimulated  an  analytic  description  of  the  twist  wave  vortex 
dynamics  accounting  for  the  transition  to,  and  the  enstrophy  cascade  within,  a  turbulent 
motion  field  (Arendt  et  al.,  1998,  see  below).  The  result  is  a  new  and  much  more 
quantitative  understanding  of  turbulence  dynamics  than  was  previously  available. 

The  same  approach  by  Jim  Garten,  a  graduate  student  then  postdoc  in  our  group,  led  to  a 
similarly  insightful  description  of  the  evolution  of  paired,  counter-rotating  vortices  in 
stratified  and  sheared  flows.  These  studies  are  relevant  both  to  the  evolution  and  stability 
of  aircraft  vortices  at  larger  scales  and  to  turbulent  dynamics  within  the  inertial  range  of 
turbulence  at  smaller  scales  of  motion.  Results  to  date  have  illustrated  the  manner  in 
which  enstrophy  is  transferred  to  smaller  scales  via  flow  instability  and  baroclinic 
tendencies.  A  second  student,  Mike  Gourlay,  likewise  employed  vortex  dynamics  to 
examine  the  evolution  of  the  vortex  sheets  arising  in  such  sheared  and  stratified  flows  in 
association  with  the  initial  flow  instabilities.  In  both  the  wave  breaking  and  shear  flows 
we  have  performed  to  date,  the  evolution  of  intensifying  vortex  sheets  has  played  a 
central  role,  and  we  expect  that  these  dynamics  also  are  key  to  understanding  the  flow  of 
energy  and  enstrophy  to  smaller  scales  within  the  turbulence  spectrum.  A  third  student, 
Teresa  Palmer,  is  pursuing  very  high  resolution  KH  breakdown  in  3D  in  order  to  address 
turbulence  generation  and  restratification  in  the  stratosphere  in  support  of  the  Airborne 
Laser  (ABL)  program.  These  studies  are  yielding  the  highest  resolution  (and  least 
viscous)  descriptions  of  KH  dynamics  to  date  and  will  be  key  to  understanding  laser 
propagation  through  highly  refractive  structures  arising  from  shear-generated  turbulence. 
Finally,  we  have  also  used  linear  gravity  wave  theory  to  examine  the  propagation  of 
gravity  waves  in  variable  environments  in  which  the  vertical  structure  of  short  horizontal- 
scale  waves  is  dictated  by  the  vertical  profile  of  the  local  mean  wind.  These  results  have 
been  used  to  interpret  airglow  imager  and  MF  radar  measurements  of  wave  structure  and 
mean  winds  during  the  ALOHA-93  campaign  in  order  to  assess  the  propagation  character 
of  such  motions.  This  study  suggests  that  many  of  the  short  horizontal-scale  wave 
structures  observed  at  mesopause  altitudes  are  ducted  responses  to  the  variable  winds 
imposed  by  low-frequency  motions  at  these  altitudes.  Assuming  these  results  hold  in 
general,  the  implications  for  wave  forcing  and  effects  at  mesopause  altitudes  are 
significant.  First,  one  must  be  cautious  in  the  inference  of  wave  forcing  assuming  all 
waves  are  vertically  propagating,  as  they  clearly  are  not.  And  second,  not  all  of  the 
motions  seen  to  have  large  signatures  at  airglow  altitudes  can  be  expected  to  have 
significant  atmospheric  influences. 


Progress  during  the  past  year  has  occurred  in  several  areas.  We  completed  revision  and 
editing  of  three  papers  describing  the  instability  and  transition  to  turbulence  in  a  breaking 
wave.  These  results  have  now  appeared  or  are  in  press  in  the  Journal  of  Fluid  Mechanics 
and  the  Proceedings  of  the  European  Geophysical  Society  (see  publications).  We  have 
evaluated  the  dominant  mechanisms  (Mike  Gourlay,  graduate  student,  now  a  postdoc)  as 
they  arise  in  more  general  flows,  via  posing  of  the  problem  separately  from  the  parent 
instability  process.  We  have  also  explored  the  extent  to  which  the  same  dynamics  appear 
to  account  for  the  turbulence  transition  and  cascade  in  shear  flow  (KH)  instability  (Teresa 
Palmer).  Initial  results  from  these  efforts  are  very  promising  and  suggest  that  the 
indications  of  our  earlier  studies  were  correct:  there  is  a  general  class  of  instabilities  and 
interactions  which  initiate  and  drive  the  turbulence  cascade  in  a  variety  of  transitional 
flows.  A  third  graduate  student  (then  postdoc)  (Jim  Garten)  examined  the  two- 
dimensional  dynamics  of  paired  vortices  in  shear  and  stratification  as  a  part  of  his  Ph.D. 
thesis,  which  he  completed  and  defended  in  November  1997.  Our  final  effort  relevant  to 
this  AASERT  research  was  the  application  of  gravity  wave  theory  to  understand  the 
nature  of  small-scale  wave  structure  in  mesospheric  airglow  layers.  This  appeared  in  a 
special  issue  of  the  Journal  of  Geophysical  Research  in  November  1997. 
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